JP 2000-064430 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-064430 
(43)Date of publication of application : 28.02.2002 



(51)Int.CI. 




H04B 10/02 
H04B 10/18 
G02B 5/18 




(21 Application number 


2000-252089 


(71)Applicant 


NIPPON TELEGR & TELEPH CORP 








<NTT> 


(22)Date of filing : 


23.08.2000 


(72)Inventor : 


INUI TETSUO 








KOMUKAI TETSUO 








NAKAZAWA MASATAKA 




(54) GROUP DELAY DISPERSION EMULATOR 

(57)Abstract: 

^ PROBLEM TO BE SOLVED: To an arbitrary group delay 

characteristic (chromatic dispersion characteristic) by a simple 
configuration and the simulative reproduction of the group delay 
characteristic (chromatic dispersion characteristic) of an actual 
optical- fiber transmission line. 

SOLUTION: By combining with each other via optical circulators two 
kinds of chirped fiber gratings whereon incident lights are projected 
respectively from the short-wavelength and long-wavelength sides 
of respective reflection wavelengths, a group delay dispersion 
emulator is so set that the synthesized group delay characteristic 
(chromatic dispersion characteristic) thereby simulates the group 
delay characteristic (chromatic dispersion characteristic) of an 
optical- fiber transmission line. When representing the length of each 
grating by L f the shortest- and longest-wavelengths of each 
reflection wavelength by AS, A L the difference between A L and A S by A A = A L- A S, and the 
coordinate of the longitudinal coordinate axis of each grating by z whose origin is set to the 
shortest-wavelength portion, distributions A (z) of the longitudinal reflection wavelengths of the respective 
chirped fiber gratings are specified respectively by the equations of A (z)= A S+ A A (z/L)1/2 and 
A (z)= A S+ A A {1 -(1 -z/L)1 /2l 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]reflected wave length's of longitudinal direction of chirp fiber grating of grating length L distribution 
lambda (z). When coordinates of an axis of coordinates which made lambda s and the longest wavelength 
lambda L and delta lambda=lambda L Hambda s , and took minimum wavelength of reflected wave length to a 
longitudinal direction by making a minimum wavelength portion into the starting point are set to z, lambda (z) 
= [ The 1st chirp fiber grating into which it is expressed with lambda s +deltalambda(z/L) 1/2 f and light enters 
from the short wavelength side of the reflected wave length, ] Reflected wave length's of longitudinal 
direction of chirp fiber grating of grating length L distribution lambda (z) lambda (z) =lambda s +deltalambda 
{1-(1-z/L) 1/2 } 

Come out, and it is expressed and has the 2nd chirp fiber grating into which light enters from the long 
wavelength side of the reflected wave length, Make the 1 st port of the preceding paragraph into an input 
port, and the 3rd port of the preceding paragraph and the 1st latter port are connected, A 
group-delay-dispersion emulator being the composition of having connected said 1st chirp fiber grating and 
said 2nd chirp fiber grating to each 2nd port of two 3 port type optical circulators which make the 3rd latter 
port an output port in random order. 

[Claim 2]reflected wave length's of longitudinal direction of chirp fiber grating of grating length L distribution 
lambda (z). When coordinates of an axis of coordinates which made lambda s and the longest wavelength 
lambda L and delta lambda=lambda L -lambda s , and took minimum wavelength of reflected wave length to a 
longitudinal direction by making a minimum wavelength portion into the starting point are set to z, lambda (z) 
= [ The 1st chirp fiber grating into which it is expressed with lambda s +deltalambda(z/L) 1/2 , and light enters 
from the short wavelength side of the reflected wave length, ] Reflected wave length's of longitudinal 
direction of chirp fiber grating of grating length L distribution lambda (z) lambda (z) =lambda s +deltalambda 
{1-(1-z/L) 1/2 } 

Come out, and it is expressed and has the 2nd chirp fiber grating into which light enters from the long 
wavelength side of the reflected wave length, In the 2nd port and the 3rd port of 4 port type optical 
circulator which make the 1st port an input port and are made into an output port of the 4th port. A 
group-delay-dispersion emulator being the composition of having connected said 1st chirp fiber grating and 
said 2nd chirp fiber grating in random order. 
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[Claim 3]In the group-delay-dispersion emulator according to claim 1 or 2, Said two chirp fiber gratings are 
fixed to a piezo-electric element, It has a tuning means which controls voltage impressed to this 
piezo-electric element and to which a reflected wave length region is moved equally to a uniform direction, 
A group-delay-dispersion emulator being the composition set up so that compound group delay frequency 
characteristics (wavelength dispersion characteristic) by combination of said two chirp fiber gratings might 
imitate the group delay frequency characteristics (wavelength dispersion characteristic) of an optical fiber 
transmission line. 

[Claim 4]In the group-delay-dispersion emulator according to claim 1 or 2, It has a tuning means which fixes 
said two chirp fiber gratings to a heater, and controls temperature of this heater and to which a reflected 
wave length region is moved equally to a uniform direction, A group-delay-dispersion emulator being the 
composition set up so that compound group delay frequency characteristics (wavelength dispersion 
characteristic) by combination of said two chirp fiber gratings might imitate the group delay frequency 
characteristics (wavelength dispersion characteristic) of an optical fiber transmission line. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the group-delay-dispersion emulator which reproduces the 
group delay frequency characteristics (wavelength dispersion characteristic) of the optical fiber 
transmission line under various environment in imitation. 

[0002] For example in an automatic dispersion equalization experiment, the group-delay-dispersion emulator 

of this invention is used, when measuring the distributed tolerance by changing the distribution which gives 

change to the zero dispersion wavelengths of an optical fiber transmission line and which is case 

[ distribution ] or given. It is used when giving arbitrary distributions, such as the time of the PURICHAPU 

grant to a lightwave pulse. 

[0003] 

[Description of the Prior Art]With high-bit-rate-izing of an optical fiber communications system, the signal 
deterioration by the wavelength dispersion of an optical fiber transmission line has been a problem, and 
dispersion equalization art is studied. The distributed variable equalization art corresponding to the 
wavelength dispersion which changes with the environmental influence by which the optical fiber 
transmission line was constructed temporally is also studied (reference: JP,2000-28934,A, distributed good 
light variation equalizer). 

[0004]In the dispersion equalization experiment which verifies such dispersion equalization art. In order to 
imitate change of the wavelength dispersion by environmental influence, An optical fiber. Put into a 
thermostat and a temperature change, giving — **** — ( — S . — Kuwahara et al . — Electron . — Lett . — 
vol . — 34 — no . — 20 — pp . — 1956 - 1958 — 1998 — A . — Sano et al . — OFC — ' — 99 — WJ — 
four — pp . — 1 65 - 1 67 — 1 999 — ). By using the optical fiber from which length is different, the method (A. 
— E.Willner et al., IEEE J. SelectTopics. Quantum Electron., vol.5, no. 5, pp.1 298-1 31 1, and 1999.) of giving a 
different variance M. Katoet al., J.Opt.Commun.20, 2, pp.64-66, and 1999 are taken. 
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[0005] 

[Problem(s) to be Solved by the Invention]In the conventional dispersion equalization experiment, in order 
to reproduce the group delay frequency characteristics (wavelength dispersion characteristic) of a actual 
optical fiber transmission line in imitation, the length of large-scale equipment, such as accommodating a 
long optical fiber in a thermostat, and the optical fiber which gives distribution needed to be adjusted. 
[0006]This invention can set up arbitrary group delay frequency characteristics (wavelength dispersion 
characteristic) with easy composition, and an object of this invention is to provide the 
group-delay-dispersion emulator which enables imitation reappearance of the group delay frequency 
characteristics (wavelength dispersion characteristic) of a actual optical fiber transmission line. 
[0007] 

[Means for Solving the Problem]A group-delay-dispersion emulator of this invention combines two kinds of 
chirp fiber gratings which enter light, respectively via an optical circulator from the short wavelength [ of 
reflected wave length ], and long wavelength side, The compound group delay frequency characteristics 
(wavelength dispersion characteristic) are the composition set up imitate the group delay frequency 
characteristics (wavelength dispersion characteristic) of an optical fiber transmission line. 
[0008]It is the composition which shifts group delay frequency characteristics (wavelength dispersion 
characteristic) by using a tuning means to which a reflected wave length region of two kinds of chirp fiber 
gratings is moved equally to a uniform direction. 

[0009]The distribution lambda (z) of reflected wave length of a longitudinal direction of the 1st chirp fiber 
grating. When coordinates of an axis of coordinates which made lambda s and the longest wavelength lambda L 
and delta lambda=lambda L -lambda s , and took minimum wavelength of L and reflected wave length for 
grating length to a longitudinal direction by making a minimum wavelength portion into the starting point are 
set to z, lambda (z) =lambda s +deltalambda(z/L) 1/2 — It is expressed with (1). 

[0010]The distribution lambda (z) of reflected wave length of a longitudinal direction of the 2nd chirp fiber 
grating is lambda (z) similarly. =lambda s +deltalambda {1-(1-z/L) 1 /2 } — It is expressed with (2). 
[001 1] Drawing 1 is a formula (1). The 1st model, group delay frequency characteristics, and wavelength 
dispersion characteristic of a chirp fiber grating expressed are shown. Although a pitch of a grating changes 
gradually, the short wavelength side is narrow here and the long wavelength side expresses with a large 
state typically. Drawing 1 (a) When light of the wavelength lambda is entered from the short wavelength side 
of a chirp fiber grating so that it may be shown, it is drawing 1 (b). Group delay frequency characteristics as 
shown are acquired. Group delay quantity in this case is DelayA(lambda) =(tau 0 /deltalambda 2 ) 
(lambda-lambda s ) 2 . — It is expressed (3). However, it is tau 0 =2 nL/c, and n is a group index and c is the 
velocity of light. Drawing 1 (c) Formula (3) A wavelength dispersion characteristic acquired by differentiating 
about wavelength is shown. 

[0012] Drawing 2 is a formula (2). The 2nd model and group delay frequency characteristics of a chirp fiber 
grating that are expressed are shown. However, notation is the same as that of the 1st chirp fiber grating 
shown in drawing 1 . Drawing 2 (a) When light of the wavelength lambda is entered from the long wavelength 
side of a chirp fiber grating so that it may be shown, it is drawing 2 (b). Group delay frequency 
characteristics as shown are acquired. Group delay quantity in this case is DelayB(lambda) 
=(tau 0 /deltalambda 2 ) (lambda-lambda L ) 2 . — It is expressed (4). Drawing 2 (c) Formula (4) A wavelength 
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dispersion characteristic acquired by differentiating about wavelength is shown. 

[001 3]A group-delay-dispersion emulator of this invention the 2nd chirp fiber grating 12 that enters light 
from the long wavelength side which shows light to the 1st entering chirp fiber grating 1 1 and drawing 2 f rom 
the short wavelength side of reflected wave length who shows drawing 1 , Drawing 3 (a) It connects with 
each 2nd port of 3 port type optical circulators 13 and 14 by which cascade connection was carried out like, 
respectively, or is drawing 3 (b). It is the composition connected to the 2nd port and the 3rd port of 4 port 
type optical circulator 15 like, respectively. 

[0014]In 3 port type optical circulator, an input port is made into the 1st port, it is considered as the 2nd 
port and the 3rd port according to a hand of cut where light is outputted, and an output port is defined as 
the 3rd port. In 4 port type optical circulator, an input port is made into the 1st port, it is considered as the 
2nd port, the 3rd port, and the 4th port according to a hand of cut where light is outputted, and an output 
port is defined as the 4th port. 

[0015]If the group delay frequency characteristics ((3) types and (4) type) of both the chirp fiber gratings 1 1 
and 12 combined by these 3 port type optical circulators 13 and 14 or 4 port type optical circulator 15 are 
added, a convex secondary curve as shown in drawing 4 will be obtained. Group delay frequency 
characteristics in this case, [0016] 



It is expressed. Formula (5) Wavelength dispersion characteristic acquired by differentiating about 

wavelength,[0017] 

[Equation 2] 

Dispersion {AQ) + BU)} 



It is expressed and becomes like drawing 5 . This is drawing 1 (c) and drawing 2 (c). It is also what 
compounded the wavelength dispersion characteristic. 

[0018]Wavelength dispersion is changing from negative to positive at linearity as wavelength becomes long, 
and a wavelength dispersion characteristic shown in drawing 5 is the same as the wavelength dispersion 
characteristic of the usual dispersion shifted fiber as shown in drawing 6 . That is, it turns out that the 
group-delay-dispersion emulator of this invention can be imitating the wavelength dispersion characteristic 
of an optical fiber transmission line. The maximum of wavelength dispersion shown in drawing 5 is 
2tau 0 /deltalambda, the minimum is -2tau 0 /deltalambda, and /2 in drawing 5 (lambda^+lambda, ) and lambda 0 
in drawing 6 are zero dispersion wavelengths. 

[001 9]A wavelength dispersion characteristic shown in this drawing 5 is tunable to linearity by using a tuning 
means to which a reflected wave length region of each chirp fiber gratings 1 1 and 12 is moved equally to a 
uniform direction. As shown in drawing 7 and 8, parallel translation of group delay frequency characteristics 



[Equation 1] 

Delay {AQ) + B(;0} 





5 



JP 2000-064430 

and a wavelength dispersion characteristic at this time is carried out. 

[0020]In drawing 7 , a solid line shows the characteristic when only deltalarnbda/2 are tuned up to the short 
wavelength side by making a dashed line into an initial characteristic. When a certain wavelength lambdasig 
is observed, in an initial state of lambdasig, group delay quantity is tau 0 /2, and wavelength dispersion is 0, 
but as for group delay quantity, tau 0 and a wavelength dispersion value change with these tuning with 
2tau 0 /deltalambda. On the other hand, in drawing 8 , by making a dashed line into an initial characteristic, if a 
solid line shows the characteristic when only deltalambda/2 are tuned up to the long wavelength side, as for 
group delay quantity of wavelength lambdasig, tau 0 and a wavelength dispersion value will change with these 
tuning with -2tau 0 /deltalambda. 

[0021]Thus, a wavelength dispersion value over a certain wavelength lambdasig can be changed from 
-2tau 0 /deltalambda to 2tau 0 /deltalambda by tuning up equally to a uniform direction a reflected wave length 
region of each chirp fiber gratings 1 1 and 1 2. Therefore, it becomes possible to imitate a wavelength 
dispersion characteristic corresponding to real environment change of an optical fiber transmission line by 
this tuning. 

[0022]For example, the zone deltalambdalO of the chirp fiber gratings 1 1 and 12 [nm] It is length L 100 [mm] 
When it carries out and the group index n is set to 1.47, theoretically, it is ^taUo/deltalambda^. - 196 
[ps/nm] 

2tau 0 /deltalambda=+ 196 [ps/nm] 

They are a next door and wavelength dispersion About **200 It can be made to change in [ps/nm]. 
[0023] 

[Embodiment of the Invention] Drawing 9 shows the embodiment of the group-delay-dispersion emulator of 
this invention. Here, although what was applied to the composition which used 4 port type optical circulator 
is shown, it is applicable also like the composition using 3 port type optical circulator. 
[0024]in a figure — the 2nd port of 4 port type optical circulator 15 — formula (1) The short wavelength 
side of the 1st chirp fiber grating 1 1 expressed is connected. It is a formula (2) to the 3rd port of 4 port type 
optical circulator 15. The long wavelength side of the 2nd chirp fiber grating 12 expressed is connected. And 
make the 1st port of 4 port type optical circulator 15 into an input port, and let the 4th port be an output 
port. 

[0025]The long wavelength side of the 2nd chirp fiber grating 12 may be connected to the 2nd port of 4 port 
type optical circulator 15, and the short wavelength side of the 1st chirp fiber grating 1 1 may be connected 
to the 3rd port of 4 port type optical circulator 1 5. 

[0026]A tuning means is the structure which carried out adhesion fixing of the two chirp fiber gratings 1 1 
and 12 to the fiber fixture 17 linked to the lamination type piezo-electric element 1 6. By impressing voltage 
to this lamination type piezo-electric element, and controlling the amount of elasticity from both sides, the 
reflected wave length region of each chirp fiber gratings 1 1 and 12 can be shifted to a uniform direction, and 
the wavelength dispersion characteristic over drawing 7 and the light penetrated as shown in 8 can be 
changed. 

[0027]When a tuning means carries out adhesion fixing of the two chirp fiber gratings 1 1 and 12 to the 
heater 18, sends current through this heater 18 and controls a temperature gradient to be shown in drawing 
10 , It is good also as composition which shifts the reflected wave length region of each chirp fiber grating to 
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a uniform direction. 

[0028]Here, the experimental result in the composition using the lamination type piezo-electric element 16 
of drawing 9 is explained. The gap between fiber fixtures was 10.5 mm using the chirp fiber gratings 1 1 and 
12 10 mm in length. The chirp fiber gratings 1 1 and 12 were produced so that a 60-km dispersion shifted 
fiber (DSF) might be imitated. Apodization was performed for group delay ripple reduction at the time of 
fiber grating production. 

[0029]Since a lamination type piezo-electric element is shrunken by impressing direct current voltage, 
elongation is added to the chirp fiber gratings 1 1 and 12, and a reflected wave length region shifts to the 
long wavelength side. The group delay frequency characteristics measured by the group-delay-dispersion 
emulator of this composition are shown in drawing 1 1 . The impressed electromotive force from the left to 
the lamination type piezo-electric element 16 of three group-delay profiles is 0, 16.7, and 35, respectively. 
[V] It is a thing at the time. They are zero dispersion wavelengths of a group-delay-dispersion emulator 
1549.3, 1552.0, and 1554.9 [nm] Even if it makes it change, a group-delay profile is understood are 
maintained mostly. However, the wavelength dispersion values in the wavelength of 1552 nm are 12.5, -0.1, 
and -19.3 by shifting zero dispersion wavelengths to the long wavelength side, [ps/nm] It changes. 
[0030]A lightwave pulse is entered into this group-delay-dispersion emulator, and change of pulse width 
when changing zero dispersion wavelengths is shown in drawing 1 2 . This is the repeat frequency 10. The 
lightwave pulse (pulse width: 4.35ps) from the reproduction mode synchronous fiber laser of [GHz] is 
entered into a group-delay-dispersion emulator, and the output pulse is measured by a cross correlator. 
Here, pulse width was calculated as a sech type pulse. Optical signal wavelength is 1552.0. It was set as 
[nm]. It turns out that the wavelength pair was carried out and pulse width has spread in parabola as zero 
dispersion wavelengths separate from optical signal wavelength. Thus, by changing zero dispersion 
wavelengths, the group-delay-dispersion emulator can give distribution and can give the pulse width of 
arbitrary sizes. 

[0031](Other embodiments) Formula (1) Or formula (2) One chirp fiber grating expressed is connected to 
the 2nd port of 3 port type optical circulator, Even if it makes it make the chirp fiber grating fix to the 
above-mentioned lamination type piezo-electric element 16 or the heater 18, the thing which constitute a 
group-delay-dispersion emulator and to constitute can be performed. 

[003 2] However, formula (1) When the chirp fiber grating 11 expressed is used independently, it is drawing 1 
(c). The group-delay-dispersion emulator from which wavelength dispersion changes from 0 to 
2tau 0 /deltalambda is constituted so that it may be shown. Formula (2) When the chirp fiber grating 12 
expressed is used, it is drawing 2 (c). The group-delay-dispersion emulator from which wavelength 
dispersion changes from -2tau 0 /deltalambda to 0 is constituted so that it may be shown. 
[0033]. Make reverse the incidence direction of the light to the chirp fiber gratings 1 1 and 12. Namely, by 
making reverse the direction linked to the 2nd port and the 3rd port of the 2nd port of 3 port type optical 
circulator, or 4 port type optical circulator, The distributed good light variation equalizer which has the 
group-delay-dispersion emulator mentioned above and an inverse characteristic is constituted 
(JP,2000-28934,A). An adaptive equalization examination is attained by shifting the zero dispersion 
wavelengths by the group-delay-dispersion emulator of this invention, imitating real environment change of 
an optical fiber transmission line, and shifting the zero dispersion wavelengths of a distributed good light 
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variation equalizer by this, so that the zero dispersion-wavelengths shift may be followed. 
[0034] 

[Effect of the Invention]The group-delay-dispersion emulator of this invention can reproduce the group 
delay frequency characteristics (wavelength dispersion characteristic) which imitated the optical fiber 
transmission line, and can be made to correspond to arbitrary group delay frequency characteristics 
(wavelength dispersion characteristic) by tuning up further, as explained above. 

[0035]In the subterranean line of real environment, it is said that a maximum of 40 ** temperature change 
occurs. The temperature dependence of the zero dispersion wavelengths of a dispersion shifted fiber (DSF) 
is 0.03. Since it is at [nm/**] (KS.Kim et al., J.Appl.Phys., vol.73, no.5, pp.2069-2074, 1993), this is a 
maximum of 1.2. It corresponds to zero dispersion-wavelengths change of [nm]. Therefore, in a 
group-delay-dispersion emulator 1.2 By making the continuous wavelength variation of [nm] possible, the 
environmental variation of an optical fiber transmission line can fully be imitated. Thereby, in an automatic 
dispersion equalization experiment, in order to imitate real environment change, even when giving zero 
dispersion-wavelengths change of an optical fiber transmission line, it can respond by the 
group-delay-dispersion emulator of this invention, and large-scale equipment of accommodating a long 
optical fiber in a thermostat becomes unnecessary. 

[Brief Description of the Drawings] 

[Drawing 1] Formula (1) Figure showing the model, the group delay frequency characteristics, and the 
wavelength dispersion characteristic of the chirp fiber grating expressed. 

[Drawing 2] Formula (2) Figure showing the model, the group delay frequency characteristics, and the 
wavelength dispersion characteristic of the chirp fiber grating expressed. 

[Drawing 3]T he figure showing the example of composition of the group-delay-dispersion emulator of this 
invention. 

[Drawing 4]T he figure showing the sum of the group delay frequency characteristics of the chirp fiber 
gratings 1 1 and 1 2. 

[Drawing 5]T he figure showing the sum of the wavelength dispersion characteristic of the chirp fiber 
gratings 1 1 and 1 2. 

[Drawing 6]T he figure showing the wavelength dispersion characteristic of the usual optical fiber. 
[Drawing 7] The figure showing the example 1 of tuning of the group-delay-dispersion emulator of this 
invention. 

[Drawing 8]T he figure showing the example 2 of tuning of the group-delay-dispersion emulator of this 
invention. 

[Drawing 9] The figure showing the embodiment of the group-delay-dispersion emulator of this invention. 
[Drawing 10] The figure showing other examples of composition of a tuning means. 

[Drawing 1 1] The figure showing group delay frequency characteristics when changing the zero dispersion 
wavelengths of a group-delay-dispersion emulator. 

[Drawing 12] The figure showing change of incidence pulse width when changing the zero dispersion 
wavelengths of a group-delay-dispersion emulator. 
[Description of Notations] 
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1 1 and 12 Chirp fiber grating 

13 and 14 3 port type optical circulator 

1 5 4 port type optical circulator 

16 Lamination type piezo-electric element 

1 7 Fiber fixture 

1 8 Heater 



[Translation done.] 
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1., J .Opt .Commun .20 , 2, pp .64-66, 1999 ) ftt^iX 

[0 0 0 5] 

14) *«SWK^-rsfci6lc, MOft7r^^*f 

[0006] *mms. N4WPffiioffiBmtt 

(?S«^#tt) *S^T-#> H^©7 , fi7r'i'^f551S& 
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[0 0 0 7] 

[0 0 0 8] 2li©ft-y7r^^yi/- 10 

[0009] Si of t-y7r^l^-f -f v^o 
fi^iRloSWSfio^ A (z) tt. yi/— -r-fvir* 
KS*»ft<D«fii&R*As , SS&fi^rAL , A 
A = Al -As . «BJftftfiP»*SjSkbTft#^FlRlfc: 
fc o ^ffiflHftoft«* z L fc * feu 
A (z) - As + A A ( z / L ) 1/2 -(1) 

^s^n^o 20 
[ooio] S20^-^7rWl^f-ryyo 

A(z)=As + AA {1 -(1 -z/L) 1/2 } -(2) 

[ooi l ] H Hi, 3(1) 'V&Zti&SZ l oft^y 
77>f;^l^f-ry^O€f;k »3B2#ttfe±tf» 
««««Ftt*^ro ft*** yi^-r ^>^©^7fl4S 

»Wtfj£i/^ttltT?«Sfl9fc:*bTV^So Si(a) k:^T 

cfc-Mc, f fyyfjvru- *r << >tf<Dmm.&Mfr 30 

&«ftA©ft*A*hr<5fc. EI 1(b) icaVrJcaftSfii 

DelayA ( A ) — ( T 0/ A A 2 ) (A- As) 2 -(3) 

tm^tl^o fctcl^ to =2nL/ctfe^ ntefff 

. cfcttfcSTtM&So (HI (c) a (3) ^r^Stz: 
Delay {AU) + BU)} 



[0 0 12] H2t±, 3(2) T^tl5S2Wt-y 

7^ls-T*>tftmmT*&2> 0 B2(a) tc^-r <fc a 
ftAflD3tt*A»-rsi:. EI 2(b) fc^r«fc34»3K6!# 

DelayB (A) = (to/A A 2 ) (A~ Al) 2 -(4) 
^i^tl^o 02(c) H\ 3(4) Wft«fcHLT«»L 

[0 0 13] *»WO»3B«iMR3i3al^-*«4, HI 1 

fc^s«a«o«iBM^6«*7jrr*ai 1 

-^77^^U-f-f>^l lS5J:tfB2fc:^rSifi 
fti^53t*A«tS«20ft^77^^l^f 
2*. 13 3(a) £7>J:5^^X^r— KSBtt^nft 
3#— hSDfr*— ^ilU— * 13, 1 4©*l2#-h 
^^■n^nSfic-TSsbv a 3(b) ©J;?^*— hSBfc 
5©»2#-h:fcJ:tfS3#-bfc:* 

[0 0 14] ft*. 3*— hSBfcU— 

§S3«-h^m 0 4#— hsptu-— 
**nsEHE&iRiic!iieoT»2#— S3*-b, a 

[0 0 15] l03^-M^-^^13, 1 
4$ftli4#-H)t*-*aU^l 5tCJ:!9«*-r 
Mft-7 P 77-YA^b-fYy^l 1, 1 2^)fl 
ffi#tt ( (3)34: (4)3) *£L^fcHi:*fc. 04^ 
^*3ftTfciao25fcft»W»6n«o lOI^SI 

[0 0 16] 

OKI] 



2 T i 
A A ; 



As+A: 



+ 



r o 



•(5) 



tm^n^o sfc, 3(5) 



*«*fcBbT«#LT*S 
Dispersion {A(A) + BQ)} 



[0 0 17] 
[*2] 



4 x o 
A A 2 



AS+A: 



•(6) 



£*£*u H5 0«fc5lcftSo e*U4^ 13 1(c) ,02 SfconTaS^^ftsb^iE^fclBKfcSfbbT* 
(c) «SM#'KMLfctOt?>$§o i 6 ^/Tst J; ^ OMS/7 h 7 7^f A«S 

[0 0 18] B5fc^»JKHW9tttt. so dWfttkBCtaoT^o "Tftfr-S. *f8BB©»}B 
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tt*««T*Ti/^Sc:i:3b<to^*o ate, HSfci^-rSi 

2 to /A A. g/Jvfigfci-2 r o /A 
AT*$0. IH5fc:43tf£ (As + AL)/2&£tfia6k: 

[0 0 19] c©M5fc^«S^4#tt«\ 
y77Wl^f-f^l 1, 1 2 0E«»S«*B 

[0 0 2 0] H7klft^T, M«M#tt^LT, S 
»Sfllfc:A A/2/c^^--->^L/c^#0#tt^ 
8Tito &£&SJlsJg £*£B-r£h, Asig 
«ffiT?tt*5B^tt r o / 2 , -RSdlRtt 0 

£2 to /AJl^fbtSo — 7^ H8t*^T, ttSS 
*«aSB«Ftti:LT. SSSl^A A/2«H-?-a--> 

<£ o Tj&g Asig T o . «ft4MR«»- 2 20 

to /A A £g{trs 0 

[0 0 2 1] COJlit, — ^77YA>f^f 

»»fl[*-2 to /AAfr5 2ro /A A*t?affcS* 

[0 0 2 2] f+^r^^U-f-f^ 

1 1, 1 2<Dflf^A A#10 Cnm] . S^L^lOO [m 30 

m] tU ^Sfjf^n^rl A7£~?Z>t, SHWfcte. 

— 2to/AA= — 196 [ps/nm] 

2to/AA= + 196 [ps/nm] 

^^0, 8«#lfc**?J±200 [ps/nm] Oigffl7?RT 

So 

[0 0 2 3] 

[0 0 2 4] 4*-bS«^taU-? 

1 5©S2#-nc, so) t^n^iwt-y 

* (2) T**tl3»2<0?-* — ^77^;^l^f 

» 4 h*m*#- h ii-r «o 

[0 0 2 5] ^fc. # 1 5 CD 50 



fg 2 h fclgl 2 <T>?-^~-~?7 yfrtPls—T* >7 1 
2 ^fiSSI^lib, 4 hSBttli— *a I/- # 1 
5 0*3 1 — -f7r<<*>f\s— 7V > 

2^1 10)Biftft«*SSI«bTfe*^o 

[0026] aasi^v*? 1 

6fcSBttbfc7T>r^HSR 1 7^2O^05 1 -V-7 P '7T 
-f;^V— t-{>?1 1, 1 2*»»HSL;fc»fiT?a6 

*«*»J»-rScii:fc:«fcD. S-^-v-y^r-Y^^l^- 

UB7, 8fc^-r«fc5fc:3aB»-rs3e*t:fli-*««»» 

[0 0 2 7] ^n.— — 0 1 OfcZ^-T 

2^^-^77^^U-f^^l 1, 
1 — 9 1 8«f@£U CCOH— ^ 1 BKWM 

[002 8] H9©8wa!^xyii6?i 6*^ 

^^c«l«fc:te»Slll(H6*fc: , ov^TKBB'rSo S^iOm 

m^t-^77WVf^^l 1, 1 2%m 
t-^77>f^^l/-T^y^l 1, 1 2te\ 60kmO 

»»^7h77^ (DSF) *«HW*J;3k:fNKb 
fc 0 Sfc. 77^/^l/-f^>^8^c, PSE 'J 

[0 0 2 9] *»«EE*WiP^*2lfcfe:<J:DWlS!ifx 
y^tttgtpOT?. ft-y77^;^l/-f^^i 

1, i2ww»o, mmmm^Mm&MKiyy 

no. 16.7. 35 [V] OhtOfe©T*SSo »5Bffi5J« 
i^U— £0*#8fiffig£:1549.3x 1552.0. 1554.9 

iiJtC->37 b-$~Z>Htlc£*), jftftl552nm?oag*5MR 
ffitel2.5. -0.1 . -19.3 [ps/nm] t^it^^o 
[0 0 3 0] CO»Hi»»x5a.U— 

*Bl 2&c^*r Q cwt HDiSUHSHRio [GHz] O 

FHW7r^^ if £ ©3tt^ *;i/X 0 
«:4.35ps) *»5S5EiMkx^3.U-^U:A«L, * 

^>o CCm sech^/^l/X^LT^;l/XS^StSL 
fc 0 ^fc. ff^^S^. 1552.0 [nm] ^fg^LfCo 
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coo3 1] mvmam) scd s^aao 
i o^t-yy/^^^iz-f^ 3 /K— 

[0 0 3 2] ft/£U S(D tg^Mft^r^ 

(c) kZ^TJ:5^ fiSM^OA^2ro /A AIT 10 

S(2) T^Wft- ^77WlA-f^>^l 2 

*JHV\fc»&fc:H:. HI 2(c) k:^*r<£3fc:. 

-2 to /A A*^0ST?*fk-rS»3H£i)«x5 3.U' 

[0 0 3 3] ft^77^^f^^l 

2 h*s^tt 4 h§y 

tl« (*SBfl 2000-28934 *§4^B) o cnfc<fc 
[0 0 3 4] 

scx^u— %y r ^Msm^mm^tcmmm 30 

x>y*fT 3cfcfc<fcD^©*3»H9tt (iftfi# 

[0 0 3 5] ftfe. H««IOa&T^r-^Ttt, g*40 

A (DSF) O*dffiKftO&Ktt#tt»0.03 (nm/ 
°C] (K.S.Kim et al., J. Appl.Phys., vol. 

73, no .5, pp .2069-2074 , 1993) x CWg^ 1 .2 [n 

itfRxSa.l'— itlCtS^r 1.2 [nm] ^JSMW^^S 



*ft*+^fc:^i-rS2:fc3b^#So eftfcJ:!)* SIS 

[an ^c(i) Ta^nsft-^r-f/^v-f-Y 

0o 

[02] 3(2) ^Wft-y77^^?U-T^ 

[0 3 ] *»91®»SHKHKx ^l/-^ 

[04] ft-^77^U-r-f^l 1, 1 2 0 
Pj!®# j I4£>Si a 0 O 
[|5]f^77WWr^^ll, 12^ 

[0 6] a«o«7r>T/^OiftSiMIM*tt*^"rBo 
[0 7] *^®»3HtiMftx5aU-*o?-a--> 
l ^^tio 

[0 8] *«WO»5Bi»»x5aLU-*0^i--> 

[0 9 ] *«BBOB3HEiMRx ^ a * OHfiS^** 
^"T0o 

[01 o] ^-ii— x>if#aoflfi©«iriiw*^-rHo 

[0 11] »«K5M^Sal^*o»5MBSft***fl: 

[012] mmmttm^^u-Z(Dmttwmm*mk 
li. 12 ft-^77-Y^i^f-ry^ 

13, 14 3*-hSBfr»J— £ 
1 5 4 h SD£9— a $ 

1 6 «H§k J tfxy»^ 

1 7 

1 8 t:— £ 
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[01] 

s;(i)T«$n^ff-'/77'f^yi'-f^ yyo^rjw mi 

(a) 

A L A(z) 



< L. 



(b) 




» iifegA 



(c) Z&g#tfc 




[04] 

4^ 



T„/ 2 




A s +A, 



-» ifeSA 
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CE2] 

nmx-mztiz?-* -77 Tigris— j-* yy&^jw mm&mk, Mftmm. 

(a) 



A(z) 



(b) i¥S5SS 

4> 

To 




2to 
A A 




» &§A 
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2t c 
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[03] 



[06] 



A* 




A*> 




r i 



mi n 




1546 1548 1550 1552 1554 1556 1558 
jg g CnnO 



[Hi 2] 



[[HI 0] 



15 




9 



Signal wavelength : 1 552.0 nm c 




Input pulse width (4.35 ps) 



1549 1550 1551 1552 1553 1554 1555 
t&mm. CnnO 
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(a) mmmm 

4* 



(b) 
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(a) msmm. 
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[09] 



1 




tax 



t I 



t 



47 



iiv 
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